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ABSTRACT

Disclosed 1s an azo compound represented by

the general formula (1) or a salt thereotf:

a2k
=
O
R2

SQO;H

HO,S T*
= 0
Eﬂ’,‘@'”“” \ I—/>_N=N_©_‘<OH (7)

R2

wherein R1 and R2 independently represent a

hydrogen atom, a lower alkyl group or a lower alkoxy

group,; and n represents 1

dye-contalining polarizing

polarizing plate, each of

the base material.

or 2. Also disclosed are a

film and a dye-contalning

which comprises a polarizing

film base material and the azo compound contalned 1n
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DESCRIPTION

AZO COMPOUND AND SALT THEREOF, AND DYE-CONTAINING

POLARIZING FILM COMPRISING TH

L+J

COMPOUND OR SALT

TECHNICAL FIE

(0001 ]

The present invention relates to a novel azo

pr—

compound and a salt thereof, and a dye-containing

5 polarizing film comprising the compound or salt.

0002 ]

BACKGROUND ART

A polarizing plate having a function to

transmit or

shield light is a fundamental constituent

10 element of a display device such as a liquid crystal

display (LCD) along with liquid crystals which have a

pr——

function ot

switching light. The area of application

of this LCD has expanded broadly from small items such

as an electronic calculator, a watch, and the like 1in

15 the early day to a notebook computer, a word processor,

a liquid crystal projector, a liquid crystal

television,

measurement

a car navigation system, indoor and outdoor

instruments, and the like. Also, the LCD

is used in broad conditions from low to high

20 temperature,

from low to high humidity, and from low TO

high light intensity. Thus, a polarizing plate having

W3890
41/9
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high polarizing performance and excellent durability 1S

desired.

10003

At present, a polarizing film is manufactured

by dyeing a pclarizing film substrate with or
incorporating therein iodine or a dichromatic dye as a
polarizing element, wherein the substrate 1s a

g d

stretched and oriented film of polyvinyl alcohol or 1ts

derivative, or an oriented film of polyene prepared by

dehydrochlorination of a polyvinyl chloride film or

—e
-

dehydration of a polyvinyl alcohol film. Among these,

an iodine polarizing film which uses i1odine as the

polarizing element exhibits superior initial polarizing

performance. On the other hand, this polarizing film

is weak to moisture and heat, and when it 1s used for a

it

long time under a condition of high temperature and

high humidity, there arises a problem of durability.

In order to improve durability, methods such as

treatment of a polarizing film with formalin or an

aqueous solution containing boric acid, use of a

p—y

polymer film of low moisture permeability as a protect

film, and the like are considered. However, the

r— pr—

effects of these methods are not satisfactory. On the

other hand, a dye-containing polarizing film comprising

a dichromatic dye as a polarizing element has better

humidity resistance and heat resistance than an 1odine

polarizing film, but, generally, initial polarizing

performance of the dye-containing polarizing element 1s
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insufficient.

10004 ]

In a neutral color polarizing film produced

by adsorbing several dichromatic dyes to a polymer film

| 2.

followed by orientation, 1f there 1s light leakage

pr—

(color leakage) of a specific wavelength 1in the

g

wavelength range of visible light, 1n a state (the

perpendlcular position) that two polarizing films are
superimposed on each other in such a way that their
orlentatlon directions are perpendicular to each other,
the hues of the liquid crystal display may change in

the dark state when the polarizing films are fitted to

the liquid crystal display panel. Thus, in order to

—

prevent the color change of a liguid crystal display

due to color leakage of a specific wavelength in the

dark state when a polarizing film is fitted to a liguid

crystal display device, 1t is necessary to uniformly

lower the average light transmittance at the

perpendicular position (perpendicular average light

transmlittance) in the wavelength range of visible

light.

[0005]

. )

Further, 1n a case of a color liguid crystal

projection display, namely, a color liquid crystal

projector, a polarizing plate is used for a liguid

crystal i1mage-forming part. In this application, the
1odine polarizing plate was used formerly, which has

good polarization performance and exhibits neutral gray
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4
color. However, as mentioned above, the 1odine
polarizing plate has a problem that its light

resistance, heat resistance, and wet heat resistance

are insufficient, because iodine is a polarizer. 1In
order to solve this problem, a neutral gray polarizing

plate using a dye-containing dichromatic colorant as a

polarizer has come to be used. In a neutral gray

polarizing plate, colorants of three primary colors are

generally used in combination in order to improve

transmittance in the entire wavelength range of visible

light and polarization performance averagely. Thus,

there i1s a problem that to the demand of the

marketplace for more brightness as in the color liquid

crystal projector, the transmittance 1s still poor, and

in order to realize brightness, 1t 1s necessary tO

increase intensity of the light source. In order to
solve this problem, three polarizing plates
corresponding to three primary colors, namely, plates

—

for each of the blue channel, the green channel, and

the red channel have come to be used.

[0006]

Decrease in brightness cannot be avoided

gy

because an image of such a small area as 0.5 to 3

inches is magnified to about several tens to one

hundred and tens of inches, and light 1s absorbed

considerably by the polarizing plate. Therefore, as

the light source, one of high luminance 1s used.

Furthermore, desire for further increase 1n brightness
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of a liquid crystal projector 1s strong and, as a

—

result, the i1ntensity of the light source used is

inevitably growing stronger. Along with this, the

y—

amounts of light and heat which the polarizing film

recelves are increasing.
[0007]

However, conventional polarizing plates have

not yet satisfied the market needs sufficiently in

-

terms of polarization characteristics, the range of

absorption wavelength, hues, and the like.

Furthermore, among the polarizing plates corresponding

to three primary colors for a color liguid crystal

projector, namely, the plates for each of the blue

channel, the green channel, and the red channel, none

gy

1s good in all aspects of brightness, polarization

pr—

performance, durability under a condition of high

Cemperature and high humidity, and resistance to

gt

prolonged 1rradiation of light. Improvement is thus

desired.

10008]

As a dye having absorption characteristics

especially for the blue channel (400 to 500 nm), there

are used C.I. Direct Yellow 12, C.I. Direct Yellow 28,

C.I. Direct Yellow 44, C.I. Direct Orange 39, C.LI.

Direct Orange 72, C.I. Direct Orange 26, and dyes

described 1n Patent Documents 1 to 3, and the like.

However, polarilzation characteristics of the pclarizing

film using these dyes are poor, causing problems that,
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DISCLOSURE OF THE INVENTION
L U009]

Dymz

peratures do not rise.

Chemistry) "

(Published by Gihodo Co., Ltd.,

An object of the present invention 1s Lo

provide a polarizing plate of high performance having

excellent polarization performance and resistance to
numidity, heat, and light. Further, another object of

the present invention 1s to provide a polarizing plate

of high per

formance which does not cause color leakage

at the perpendicular position in the wavelength range

of visible

performance and resistance Lo humidity,

heat,

light and which has excellent polarization

and

the polarizing plate being a neutral color

poclarizing plate produced by adsorbing two or more

4'-3 : -""'1'\ Pt "‘+‘ ' ‘ 3 = 7
O1Cnaroitac i Ciye

ill

()
()

s— " . -i — 1 o~ T 3 .! ~
polymer fi1lm, foiicwed DYy
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grve.

orientation thereof.

A further object of the present invention 1S

gr——

to provide color polarizing plates of high performance

corresponding to three primary colors for a color

V)

5 liquid crystal projector, which are good in all o:

brightness, polarization performance, durability, and
light resistance.

[0010]

The present inventors conducted diligent

10 research in order to accomplish these objects and, as a

result, found that a polarizing film and a polarizing

plate comprising a novel azo compound and/or a salt

thereof show excellent polarizing performance and

resistance to humidity, heat, and light. This finding
15 led to the present invention. Namely, the present

invention includes the followling embodiments:

[0011]

(1) An azo compound represented by the following

i)

formula (1) and a salt thereof:

20 [0012]
Tf HO,S
Q =
}—@—Nr—w{ JN= ﬁ:c-O (1)
HO
2 -
[0013]

wherein R1 and R2 each independently represent a

hydrogen atom, a lower alkyl group, and a lower alkoxy
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group; n 1s 1 or 2.

—

~ according

(2) The azo compound and a salt thereo:

wherein R1 and R2 are each 1independently one oI

to (1),

a hydrogen atom, a methyl group, and a methoxy group.

5 (3) The azo compound and a salt thereof according

to (1), wherein R1 and R2 are a hydrogen atom.

(4) A dye-containing polarizing film comprising

F

- according

at least one azo compound and/or salt thereo:

to any one of (1) to (3), contained in a polarizing

10 film substrate.

(5) A dye-containing polarizing film comprising

- according

at least one azo compound and/or salt thereo:

to any one of (1) to (3), and at least one other

organic dye, contained in a polarizing film substrate.

15 (6) A dye-containing polarizing film comprising

pri=t
——

two or more azo compounds and/or salts thereot

according to any of (1) to (3), and at least one other

contained in a polarizing film substrate.

organic dye,

(7) The dye-containing polarizing film according

20 to any one of (4) to (6), wherein the polarizing film

substrate is a film comprising a polyvinyl alcohol

resin

(8) A dye-contalning polarizing plate comprising

a transparent protective layer adhered on at least one

" a dye-containing polarizing film according

25 surface o:

to any one of (4) to (7).
(9) A color polarizing plate for a liquid crystal

projector, wherein a dye-containing polarizing film or
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a dye—-containing polarizing plate according to any one

of (4) to (8) 1s used.

The azo compound and salt thereof of the

present invention are useful as a dye for a polarizing

film. The polarizing film containing these compounds

has a high polarizing performance comparable to a

polarizing film using iodine and also has excellent

durability. Thus, the former polarizing film 1s

suitable for various liquid crystal displays and liquid

crystal projectors, in-vehicle applications which

require high polarizing performance and durability, and
for applications in industrial instrument displays used

1n varlous environments.

L]

INVENTION

E FOR CARRYING OUT TH.

-,
-J

BEST MO:

[0015]

The present i1nvention relates TO an azo

o
L.

compound represented by the formula (1) 1n the form O:

a free acid and a salt thereof. In the formula (1), Rl
and R2 are each independently a hydrogen atom, a lower
alkyl group, and a lower alkoxy group; preferably Rl

and R2 are a hydrogen atom and a lower alkyl group;

especially preferably R1 is a hydrogen atom or a methyl

group and R2 is a hydrogen atom; and n represents 1l or

2. In the present invention, a lower alkyl group and a

lower alkoxy group refer to an alkyl group and an

alkoxy group, both having 1 to 4 carbon atoms. Next,
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specific examples O:

- azo compounds represented by the

formula (1), which are used in the present 1invention,

are shown below (formulae (2) to (6)). In the

following formulae,
group, and hydroxyl

(0010}

the sulfonic acid group, carboxylic

group are shown in free acid forms.

SO4H

HO3,S
HO
2

(0017]

HO,S

| g S S Wiy o S WY W

(0018]

30,

N=N ﬁ:ﬁ N=N N-"'"-N—< HOH (5,



CA 02652747 2008-11-19

11

(0020 ]

MG

(0021]

The azo compound represented by the formula

(1) in the form of a free acid can easilily be

manufactured by carrying out publicly known

5 diazotization and coupling reactions according to a

F

general manufacturing method of azo dyes such as

prtn 1

described in Non-Patent Document 1. As a specific

g

method of manufacture, 4-aminobenzoic acid 18

diazotized and coupled with an aniline represented by

10 the following formula (A) to obtain a monoazoamlno

compound (the following formula (B)).

[0022]

g'}m A

R2

wherein R1 and R2 represent the same meaning as 1n the

formula (1).
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[0023]

R1
HZ}—@-NSN—Q- >vNH2 (B)
R2

[0024 ]

Then, this monoazoamino compound 1s reacted

with 4,4'-dinitrostilbene-2,2"'-sulfonic acid under an

5 alkaline condition, followed by reduction with glucose

to obtain the azo compound represented by the formula

(1) .
[0025]

In the above reaction, the diazotization step

pr——
p—

10 may be carried out according to a usual method oI

mixing a nitrite salt such as sodium nitrite into a
solution or a suspension of a diazo component 1in an

agqueous mineral acid such as aqueous hydrochloric acid

or aqueous sulfuric acid, or it may be carried out

15 according to a reverse method where a nitrite salt 1s

added beforehand to a neutral or weakly alkaline

yh—

aqueous solution of the diazo component and this

solution is mixed with the mineral acid. The
temperature of diazotization is suitably -10 to +40°C.

20 Further, the coupling step with an aniline 1s carried

out by mixing an acidic aqueous solution of the latter
in agueous hydrochloric acid, aqueous acetic acid, or

the like with the respective abovementioned diazo
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solutions and reacting at a temperature of -10 to +40°C

under an acidic condition of pH 2 to 7.

[ 0026]

" k)

In a reaction of the monoazoamino compound

o with 4,4'-dinitrostilbene-2,2'-sulfonic acid, the

10

15

20

25

condensation step under an alkaline condition is

carried out under a strongly alkaline condition by use

0f sodium hydroxide, lithium hydroxide, and the like.

—

The concentration of the alkali is suitably 2% to 10%

and the temperature is suitably 70 to 100°C. The number

for n i1n the formula (1) can be adjusted by changing

the charging ratio of the monoazoamino compound and

4,4'-dinitrostilbene-2,2'-sulfonic acid. In the

glucose reduction step, it is common to use 0.5 to 1.2

equivalents of glucose under an alkaline condition.

[0027]

Further, 1n the present invention, the azo

compound represented by the formula (1) may be used as

a free acid and, as a salt as well. The salt includes

alkall metal salts such as a lithium salt, a sodium
salt, a potassium salt, and the like; an ammonium salt:;
and organic salts such as an amine salt. Generally, a
sodium salt 1s used.

1 0028]

In the synthesis of an azo compound

represented by the formula (1), the substituent of the
primary coupling component, anilines which may have

substituents (R1, R2), includes a methyl group, an
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ethyl group, a methoxy group, and an ethoxy group. ANy

—
p—

one or two of these substituents may be attached. The

position of their attachment 1s, relative to the amlino

group, position 2, position 3, positions 2 and 9,

positions 3 and 5, or positions 2 and 6. Among these,

attachment to position 3 and positions 2 and 5 1s

——d

preferable. Examples of the anilines 1nclude, for

example, aniline, 2-methylaniline, 3-methylaniline, 2-

ethylaniline, 3-ethylaniline, 2,5-dimethylaniline, 2,5-

diethylaniline, 2-methoxyaniline, 3-methoxvaniline, 2-

methoxy-5-methylaniline, 2,5-dimethoxyaniline, 3,5-

dimethylaniline, 2,6-dimethylaniline, and 3, o-

dimethoxyaniline. The amino group of these anililnes

may be protected. As the protecting group, there may

be mentioned a o-methanesulfonic acid group.
[0029]

Further, in the polarizing film or polarizing
plate of the present invention, the azo compound

-

represented by the formula (1) or a salt thereof may be

—

used singly or in combination of several kinds. Also,

as required, one or more other organic dyes may be used

together. There is no particular restriction on dyes

which are used together, but they are preferably dyes

having absorption characteristics in a wavelength range

different from those of the azo compounds or salts

thereof according to the present invention and having

high dichroism. Examples include C.I. Direct Red Z,

C.I. Direct Red 31, C.I. Direct Red 79, C.I. Direct Red
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81, C.I. Direct Red 247, C.I. Direct Green 80, C.Ll.

Direct Green 59, and the dyes described 1n Patent

Document Nos. 5 to 8. These dyes may be used as free

acids, alkali metal salts (for example, Na salt, K
salt, Li salt), ammonium salts, or amiline salts.

[0030]

When other organic dyes are used together as

required, the kind of organic dye incorporated varles

depending on whether the intended polarizing film 1s a

neutral polarizing film, a color polarizing film for a

liquid crystal projector, or other color polarizing

film. The proportion of one or more kinds of the above
organic dyes incorporated collectively 1s not

particularly limited, but is generally preferably 1in

the range of 0.1 to 10 parts by weight based on the

weight of the azo compound of the formula (1) or a salt

ity
p—

thereof.

[0031]

The polarizing films having various hues and

pi—

neutral color used for the polarizing plates of the

present invention or the polarizing plates for a liquid

crystal projector can be prepared by incorporating the

azo compounds represented by the formula (1) or salts

thereof together with other organic dyes as necessary

| —

into a polymer film, a material for the polarizing

film, by a publicly known method. To the polarizing

-

film obtained is attached a protecting film to produce

a polarizing plate, and then, as required, a protecting
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layer or an AR (anti-reflection) layer, a support, and

the like are disposed thereon, to be used for a liquid
crystal projector, an electronic calculator, a watch, a
notebook computer, a word processor, a liguid crystal
television, a car navigation system, indoor and outdoor
measuring instruments, a display, and the like.

[0032]

As the substrate (polymer film) used for the

polarizing film of the present invention, polyvinyl

alcohol substrates are preferable. As the polyvinvyl

alcohol substrates, there may be cited, for example,

g—

polyvinyl alcohecl or a derivative thereof, and those

- 1
——

obtained by modifying either of these with an olefin

such as ethylene or propylene; an unsaturated

carboxylic acld such as crotonic acid, acrylic acid,

methacrylic acid, or maleilic acid; and the like. Among

these, a film comprising polyvinyl alcohol or a

derivative thereof is preferably used in terms of an

adsorption property towards dyes and an orientation

]

property. The thickness of the substrate 1s usually 30

to 100 pum, preferably about 60 to 90 um.

[0033]

=

In incorporating the azo compound of the

formula (1) or a salt thereof into such a polymer film,

a method of dyeing the polymer film is usually adopted.

Dyeing, for example, 1s carried out as follows. First,

gy

the azo compound and/or a salt thereof according to the

present invention and other dyes, as required, are
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dissolved in water to prepare a dye bath. The

concentration of dyes in the dye bath 1s not

particularly limited but usually selected from the

range of about 0.001 to 10% by weight. Furthermore, a

dyeing auxiliary may be used as required and, for

exanmple, sodium sulfate is suitably used in a

p———

concentration of about 0.1 to 10% by weight. Dyeilng 1is

carried out by dipping the polymer film in the dye bath

thus prepared for 1 to 10 minutes. The dyeing
temperature is preferably about 40 to 80°C.

10034}

Orientation of the water-soluble dye 1s

carried out by stretching the polymer film dyed as

described above. As a stretching method, any publicly

known method such as a wet method, dry method, and the

like may be employed. In some cases, stretching of the

polymer film may be done before dyeing. In this case,

orientation of the water-soluble dye 1s performed at

g

the time of dyeing. The polymer film in which the

water-soluble dye i1s incorporated and orlented may, as

required, be subjected to an after-treatment such as a

boric acid treatment by a publicly known method. Such

an after-treatment is carried out in order to 1improve

pr—

light transmittance and degree of polarization of the

polarizing film. The condition of the boric acid

treatment varies depending on the kind of polymer film

used and the kind of dye used. In general, the

concentration of boric acid in its aqueous solution 1s
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in the range of 0.1 to 15% by weight, preferably 1 to

10% by weight, and the treatment is carried out Dy

dipping at the temperature range of 30 to 80°C,

preferably 40 to 75°C, for 0.5 to 10 minutes. Further,

the polymer film may, as required, be subjected to a

fixing treatment at the same time with an aqueous

solution containing a cationic polymer compound.

[0035]

To one or both surfaces of the dye-containing

polarizing film of the present invention thus obtained,

transparent protective films excellent in optical

transparency and mechanical strength may be adhered to

produce a dye-containing polarizing plate. AS a

material to form the protective film, there may Dbe

used, for example, a cellulose acetate film, an acrylic

film, a fluorinated film such as

tetrafluorocethylene/hexafluoropropylene copolymer, and

it »

a film composed of a polyester resin, a polyolefin

resin, or a polyamide resin. Preferably, a triacetyl

cellulose (TAC) film or a cycloolefin film may be used.

The thickness of the protective film 1s usually 40 TO

200 pm.

An adhesive which may be used to adhere the

polarizing film and the protective film together
includes a polyvinyl alcohol (PVA) adhesive, an
urethane emulsion adhesive, an acrylic adhesive, a
polyester-isocyanate adhesive, and the like. Of these,

the polyvinyl alcohol adhesive 1s suitable.
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[00306]

Furthermore, a transparent protective layer

may be provided on the surface of the dye-contalning

polarizing plate of the present invention. As the

protective layer, there may be cited, for example, an
acrylic or polysiloxane hard coat layer and a urethane
protective layer. Further, in order to 1mprove the

single plate light transmittance further, 1t 1s

preferable to provide an AR layer on this protective

layer. The AR layer may be formed, for example, Dy a

vapor deposition or sputtering treatment of a substance

such as silicon dioxide or titanium dioxide. The AR

layver may also be formed by thinly coating a

fluorinated substance. In addition, the dye-containing

g

polarizing plate of the present invention may also be

used as an elliptically polarizing plate in which a

phase difference plate is adhered.

[0037]

The dye-containing polarizing plate of the

present invention thus constituted has a neutral color,

causes no color leakage at the perpendicular position

in the wavelength range of visible light, and shows

excellent polarization performance. Further, 1t has

characteristics that even under conditions of high

temperature and high humidity, 1t shows no

discoloration, no deterioration of polarization

performance, and little light leakage at perpendicular

position in the range of visible light.
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[0038]

In the present invention, the color

polarizing plate for a liquid crystal projector

1ncludes, as a dichromatic molecule, the azo compound

5 represented by the formula (1) and/or a salt thereof

and further, as required, other organic dyes mentioned

above. Also, the polarizing film used for a color

"or a liquid crystal projector 1s

| —

polarizing plate

produced by the same method as that for the

10 aforementioned dye-contalning polarizing film. A

protective film 1s further attached to the polarizing
film to produce a dye-containing polarizing plate,

which 1s, as required, provided with a protective

layer, an AR layer, a support, and the like, and 1is

15 wused as a color polarizing plate for a liguid crystal

projector.

[0039]

As a color polarizing plate for a liquid
crystal projector, preferably, the single plate average

20 light transmittance is 39% or higher and the average

light transmittance at perpendicular position is 0.4%

or less 1n the wavelength range necessary for the
polarizing plate (A. When an ultra-high pressure

mercury lamp 1s used: 420 to 500 nm for the blue

25 channel, 500 to 580 nm for the green channel, and 600

to 680 nm for the red channel; B. Peak wavelength when

three primary color LED lamps are used: 430 to 450 nm

for the blue channel, 520 to 535 nm for the green
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channel, 020 to 635 nm for the red channel). More

preferably, i1n the wavelength range necessary for the
polarizing plate, the single plate average light
Cransmittance 1s 41% or higher and the average light

5 transmittance at the perpendicular position 1s 0.3% or

less, more preferably 0.2% or less. Sti11 more

preferably, in the wavelength range necessary for the
polarizing plate, the single plate average light
Cransmittance 1s 42% or hligher and the average light

10 transmittance at the perpendicular position is 0.1% or

less. As mentioned above, the color polarizing plate

for a liquid crystal projector of the present invention

has brightness and excellent polarization performance.

10040 ]

15 The color polarizing plate for a liguid

—

crystal projector of the present invention 1is

preferably a polarizing plate with an AR layer which is

obtained by providing the above-mentioned AR laver on a

polarizing plate consisting of a polarizing film and a

20 protective film. Further, a polarizing plate with an
AR layer and a support is more preferable, which is

obtained by adhering the polarizing plate with an AR

layer to a support such as a transparent glass plate.

[0041]

25 In addition, the single plate average light
transmittance 1s an average value of light
transmittance 1n a specific wavelength range when

natural light enters one polarizing plate without an AR
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laver and a support such as a transparent glass plate

provided (hereafter simply referred to as "polarizing

plate”™ 1n the same sense). The average light

transmittance at the perpendicular position 1s an

average value of light transmittance 1n a specific
wavelength range when natural light enters two
polarizing plates, which are superimposed with the

orlientation directions perpendicular to each other.

10042]

The color polarizing plate for a liquid
crystal projector of the present invention 1is used
generally as a polarizing plate with a support. The
support preferably has a planar section because a

polarizing plate 1s adhered thereto. Also, the support

1s preferably a molded article of glass because the

polarizing plate 1s put to an optical use. As a molded

article of glass, there may be cited, for example, a
glass plate, a lens, a prism (for example, a triangle
prism Or a cubic prism). A lens to which is adhered
the polarizing plate may be used as a condenser lens
with a polarizing plate in a liquid crystal projector.
Also, a prism to which i1s adhered the polarizing plate
may be used as a polarizing beam splitter with a
polarizing plate or a dichromatic prism with a
polarizing plate 1n a liquid crystal projector.
Further, the polarizing plate may be adhered to a
ligquid crystal cell. As the glass material, there may

be mentioned 1norganic glass such as soda glass,
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borosilicate glass, and sapphire glass; organic glass

such as acrylic and polycarbonate; and the like.

Preferable is inorganic glass. The thickness and size

i

of a glass plate may be chosen as desired. Also, 1n

order to further improve the single plate light

i

transmittance of the polarizing plate with a glass, 1t

is preferable to provide an AR layer on one or both

o

sides of the glass surface or polarizing plate surface.

(004 3]

In order to produce a polarizing plate with a

support for a liquid crystal projector, for example, a

transparent adhesive (pressure-sensitive adhesive) 1s

"

coated on the planar section of the support and then

pr——

the polarizing plate of the present invention 1s

attached to this coated surface. Also, a transparent
adhesive (pressure-sensitive adhesive) may be coated on

the polarizing plate and then a support may be attached

to this coated surface. As the adhesive (pressure-

sensitive adhesive) used herein, for example, an

acrylic ester adhesive is preferable. In addition,

when this polarizing plate is used as an elliptically

F
-

polarizing plate, usually a phase difference plate side

is adhered to the support, but the polarizing plate
side may be adhered to the molded article of glass.

(10044 ]

In a color liquid crystal projector using the
polarizing plate of the present invention, the

polarizing plate of the present invention 1s disposed
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on either one or both of the incident side and outgolng

side of a liquid crystal cell. The polarizing plate

may or may not be in contact with the liquid crystal

cell, but, in terms of durability, it 1s preferable

5 that the plate is not in contact with the liquid

crystal cell. When the polarizing plate 1s in contact

with the liquid crystal cell at the outgoing side,

g

there may be used a polarizing plate of the present

invention having the liquid crystal cell as a support.
10 When the polarizing plate is not in contact with the
liguid crystal cell, there may preferably be used a

gr—

polarizing plate of the present invention using a

support other than the liquid crystal cell.

)

Furthermore, in terms of durability, the polarizing

15 plates of the present invention are preferably disposed

on both the incident side and outgoing side of the

liquid crystal cell. Further, it 1s preferable that

the polarizing plate surface of the polarizing plate of

the present invention is disposed on the liquid crystal

g

20 cell side, with the support surface thereof on the

light source side. In addition, the incident side of

the ligquid crystal cell means the light source siade,

and the opposite side is referred to as the outgoing

s1de.

25 [0045]

In a color liquid crystal projector using the

polarizing plate of the present invention, an

ultraviolet light-cutting filter is preferably disposed
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between the light source and the polarizing plate with

a support on the incident side. Further, the liquid

crystal cell used 1is preferably, for example, an active

matrix type, which is formed by encapsulating liquid

5 crystals between a transparent substrate on which an

electrode and a TFT (thin film transistor) are formed

and, another transparent substrate on which the counter

electrode is formed. Light emitted from a light source

such as an ultra-high pressure mercury lamp (UHP lamp),

£+

10 a metal halide lamp, a white LED, and the like passes

through the ultraviolet light-cutting filter, and

separates into three primary colors, which then passes

through the respective color polarizing plates with

supports for each of blue, green, and red channels.

15 The light is then integrated, magnified by a projector

lens, and projected onto a screen. Alternatively,

using LEDs corresponding to each of blue, green, and

red colors, light emitted from LED of each color passes

through respective color polarizing plates with

20 supports for each of blue, green, and red channels,

then is integrated, magnified by a projector lens, and
projected onto a screen.

10046]

The polarizing plate for a color liquid
25 crystal projector thus constituted has characteristics
that its polarization performance 1is excellent, and,

——"
p—

furthermore, discoloration and deterioration of

polarization performance do not occur even under a high
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temperature and high humidity condition.

EXAMPLES

(0047 ]

Hereinafter the present invention willl Dbe

J—
—r

5 described in more detail in terms of Examples.

However, examples are for illustrative purposes only

i

and not meant to limit the scope of the present

invention in any manner. In Examples, % and parts are

based on weight, unless otherwise noted.

10 [0043]

[Example 1]

13.7 parts of 4-aminobenzoic acid was added

gy

to 500 parts of water and dissolved with sodium

hydroxide. After cooling, 32 parts of 35% aqueous

15 hydrochloric acid and subsequently 6.9 parts ot sodium

gt
p—

nitrite were added at a temperature of 10°C or below,

and the reaction mixture was stirred at 5 to 10°C for 1

4y

hour. To this was added 20.9 parts of sodium aniline-

o-methanesulfonate and, while the reaction mixture was

20 stirred at 20 to 30°C, sodium carbonate was added tO

adjust the pH to 3.5. By further stirring, the

coupling reaction was completed and a monoazo compound

was obtained by filtration. The monoazo compound

obtained was stirred at 90°C in the presence of sodium

25 hydroxide to obtain 17 parts of a monoazo compound

represented by the following formula (7).
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(0049]

H}-@—Nzr\:@—wz (7)

[0050]

After 12 parts of the monoazo compound

represented by the formula (7) and 21 parts of 4,4'-

dinitrostilbene-2,2"'"-sulfonic acid were dissolved in

300 parts of water, 12 parts of sodium hydroxide was
added and the reaction mixture was subjected to
condensation reaction at 90°C. Then, the reaction

" ]

mixture was reduced by 9 parts of glucose, salted out

wlth sodium chloride, and filtered to obtain 16 parts

—~

of the azo compound represented by the formula (2).

This compound was orange 1n color and its solution in

20% adqueous pyridine showed an absorption maximum at a

g—

wavelength of 444 nm.

(0051 ]

 Example 2]

pr——

After 12 parts of the monoazo compound

F

represented by the formula (7) and 10 parts of 4,4'-

dinitrostilbene-2,2'-sulfonic acid were dissolved in

300 parts of water, 24 parts of sodium hydroxide was

added and the reaction mixture was subjected to

condensation reaction at 90°C. Then, the reaction

pr——

mixture was reduced by 18 parts of glucose, salted out

wilth sodium chloride, and filtered to obtain 20 parts
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-

of the azo compound represented by the formula (3).

This compound was orange in color and its solution in

20% aqueous pyridine showed an absorption maximum at a

wavelength of 428 nm.

5 [0052]

(Example 3]

1)

To 500 parts of water was added 13.7 parts oOf

d-aminobenzoic acid and was dissolved with sodium

g

hydroxide. After cooling, 32 parts of 35% aqueous

10 hydrochloric acid and, subsequently, 6.9 parts of

g

sodium nitrite were added at a temperature of 10°C or

below and the reaction mixture was stirred at 5 to 10°C

ﬁ

for 1 hour. To this was added 13.7 parts of Z2-methoxy-

S5-methylaniline and, while the reaction mixture was

15 stirred at 20 to 30°C, sodium carbonate was added to

adjust the pH to 3.5. By further stirring, the

coupling reaction was completed and the reaction

mixture was filtered to obtain a monoazo compound. The

monoazo compound obtained was stirred at 90°C in the

=
L

20 presence of sodium hydroxide to obtaln 26 parts O:

monoazo compound represented by the following formula
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10054 ]

i g

In 300 parts of water, 14 parts of the

monoazo compound represented by the formula (8) and 21

parts of 4,4'-dinitrostilbene-2,2"'-sulfonic acid were

p—

dissolved and, after addition of 12 parts of sodium

hydroxide, were condensation reacted at 90°C. Then, the

reaction mixture was reduced by 9 parts of glucose,

salted out with sodium chloride, and filtered to obtain

16 parts of the azo compound represented by the formula

(6). This compound was red 1n color and 1its solution

in 20% aqueous pyridine showed an absorption maximum at

a wavelength of 444 nm.

[0055]

[Example 4]

In an aqueous solution kept at 45°C containing

a dye 0of the compound (2) obtained in Example 1 1in a

concentration of 0.01% and sodium sulfate in a

p—
b

concentration of 0.1%, a polyvinyl alcohol film of 75

um 1n thickness was dipped for 4 minutes. This film

was stretched 5-folds at 50°C in a 3% aqueous boric acid
solution, washed with water in the stretched state, and

dried to obtain a polarizing film.

In Table 1 are shown the (a) maximum

absorption wavelength, (b) single plate transmittance,

ficient, and (d) contrast ratio,

i 1)

(c) polarization coe:
(b) to (d) being measured at the maximum absorption
wavelength of the polarizing film obtained.

[0056]
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The transmittance (completely polarized light
transmittance (parallel: Ky, perpendicular: Kz)) of
polarized light which was radiated 1in directions

~

parallel and perpendiculilar to the direction of

5 orilentation of the polarizing film obtained in the
foregoilng was measured by a spectrophotometer (U-4100,

manufactured by Hitachi, Ltd.).

The polarization coefficient, single plate

y—

F natural light, transmittance at the

transmittance o;

10 perpendicular position when two polarizing plates are

-

superimposed with the directions of orientation

perpendicular to each other, and contrast ratio were

calculated according to the following eguations (1) to

(4) from the values of Ky and Kz, obtained by the

15 aforementioned measurements.

(Polarization coefficient) = (Ky - Kz)/(Ky + Kz) (1)
(Single plate transmittance) = (Ky + Kz)/2 (2)
(Transmittance at perpendicular posilition) =

Ky x Kz/100 (3)

20 (Contrast ratio) = Ky/Kz (4)

1 0057]

[Example 5]

Using an aqueous solution kept at 45°C

.

containing a dye of the compound (3) obtained in

25 Example 2 in a concentration of 0.03% and sodium

v

sulfate 1n a concentration of 0.01%, a polarizing film

was prepared 1in the same manner as 1in Example 4. In

Table 1 are shown 1ts (a) maximum absorption
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wavelength, (b) single plate transmittance, (c)

gy,
—

polarization coefficient, and (d) contrast ratio, (b)

to (d) being measured at the maximum absorption
wavelength.

S5 [0058]

(Comparative Example 1]

Except that 0.01% aqueous solution of C.I.

Direct Orange 39 (a dye comprising, as a major

component, tThe compound represented by the following

r—

10 structural formula (9)), was used instead of the

compound (2) obtalned in Example 1, a polarizing film

was prepared 1n the same manner as in Example 4. Its

(a) maximum absorption wavelength, (b) single plate

transmittance, (c¢) polarization coefficient, and (d)

15 contrast ratio, (b) to (d) being measured at the

maximum absorption wavelength, are shown in Table 1,

which shows that the polarization coefficient and

contrast ratio at the same transmittance were greatly

inferior to Examples 4 and 5.

20  [0059]

HO,S

W A Ve Wa s W
SO,H
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Table 1
Maximum , . .
, Single plate | Polarization | Contrast
Compound | absorption , o ,
transmittance coefficient ratio
wavelength
Example 4 (2) 462 nm 43.79% 9G.55% 443
Example 5 (3) 445 nm 43.82% 99.43% 350
— +

C t]

RS SESs (9) 447 nm 43.79% 99.24% 262
Example 1

(0061 ]

[Example 6]

In an aqueous solution kept at 45°C contalning

p—

5 a dye of the compound (2) obtained in Example 1 1n a

concentration of 0.01%, C.I. Direct Red 81 1n a

concentration of 0.01%, a dye represented by the

following structural formula (10) described in Example

1 of Patent Document 7 in a concentration of 0.03%, a

10 dye represented by the following structural formula

g

(11) disclosed in Example 23 of Patent Document 8 1n a

concentration of 0.03%, and sodium sulfate 1n a

p—

concentration of 0.1%, a polyvinyl alcohol film of /o5

um in thickness dipped for 4 minutes. This film was

15 stretched 5-folds at 50°C in a 3% agueous boric acid
solution, washed with water in the stretched state, and

dried to obtain a polarizing film of neutral color
(gray in the parallel position, black in the

perpendicular position). The single plate average

20 light transmittance, polarization coefficient, and

contrast ratio of the polarizing plate, obtailned over
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an entire range of visible light, are as shown 1n Table

gy
p—

2 and had a high polarization coefficient.

Further, TAC films (80 pum in film thickness,

trade name TD-80U, produced by Fujifilm Corporation)

5 were adhered on both surfaces of the polarizing film

-y

using a PVA adhesive to obtain a polarizing plate ol

iy

the present invention. On one side of this polarizing

plate, an acrylic ester pressure sensitive adhesive was

‘ord an adhesive-backed polarizing plate.

.

applied to af:

10 This was cut in a size of 30 mm x 40 mm and was adhered

onto a glass plate of the same size. When this

polarizing plates were stored at a high temperature

conditions of 105°C for 1200 hours and at a high

temperature and high humidity conditions of 85°C x 85%

15 RH for 1200 hours, the changes 1in polarization

coefficients were less than 0.1%, showing a long-time

durability of the polarizing plates even under a high

M—

temperature and high humidity conditions.

(0062 ]
OCH, OCH, on
rmhs—<i:>}wwxm NN N=N
(10)
H,C HyG HO,S ﬁ—@
20 [0063]

SOSH O‘_,..--'CU

\O
) aVann Ve "
5N C=C N=N N=N
A (C
HOgS N‘@
H

HO,S H,CO
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(0064 ]

[Comparative Example 2]

Except that a 0.01% agueous solution of C.I.

g—

Direct Orange 39 was used 1instead of the compound (2)

— 1

5 obtained 1n Example 1, a neutral color polarizing film

was prepared 1n the same manner as 1n Example 6. The

single plate average light transmittance, polarization

coefficient and contrast ratio over an entire range of

visible light are shown 1n Table 2. Compared to the

10 polarizing film of Example 6, not only the single plate
average light transmittance was low, but also

polarizing characteristics and contrast ratio were

greatly inferior.

(0065]
Table 2
Single plate average Polarization Contrast
| light transmittance coefficient | ratio
Example 6 43.99% 99.061% 511
comparative 43.825% 99.28% 277
Example 2

15 [00606]

[ Example 7]

In an aqueous solution kept at 45°C containing

a dye of the compound (2) obtalned 1n Example 1 in a

concentration of 0.05%, C.I. Direct Yellow 28 in a

20 concentration of 0.01%, a dye represented by the

following structural formula (12) described as compound

No. 1 1n Patent Document 3 in a concentration of 0.01%,
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and sodium sulfate 1n a concentration of 0.1%, a

polyvinyl alcohol film of 75 um in thickness was dipped

for 4 minutes. This film was stretched 5-folds at 50°C

1n a 3% aqueous boric acid solution, washed with water

5 1n the stretched state, and dried to obtain a

polarizing film. The maximum absorption wavelength

(Amax) of the polarizing film obtained was 450 nm, and

in the range of 430 to 500 nm, the single plate average

light transmittance, average light transmittance at

10 perpendicular position and contrast ratio are as shown

l

in Table 3 and had a high polarization coefficient.

Further, a TAC film (80 um in film thickness, trade

name TD-80U, produced by Fujifilm Corporation) was

pr——

adhered on one side of the polarizing film and on the

15 other side of the polarizing film, a TAC film, on one

side of which had been formed a UV (ultraviolet light)
curable hard coat layer in about 10 um thickness, was
adhered using a PVA adheslve to obtain a polarizing

plate of the present 1nvention. On one side of this

20 polarizing plate, an acrvlic ester pressure sensitive

adhesive was applied to afford a polarizing plate with

a pressure sensitive adhesive layer. Further, on the

r—

outer surface of the hard coat layer, AR (anti-

reflection) multi-coating treatment was conducted by

25 vacuum deposition. This was cut in a size of 30 mm X

40 mm and was adhered onto a transparent glass plate of

Lhe same size with an AR layer on one side to obtain a

color polarizing plate with an AR support for a liquid
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crystal projector (for the blue channel) of the present

invention. The color polarizing plate for a liquid

crystal projector of the present Example had a high

polarlzation coefflcient and, moreover, showed a long

——

5 lasting durabillity even at conditions of high

temperature and high humidity. Also, resistance to

i

prolonged 1rradilation of light was excellent.

[0067]
O
0O Y
[0008]

10 [Example 8]

Except that an agqueous solution kept at 45°C

g,

contalning a dye of the compound (3) obtalned in

Example 2 1n a concentration of 0.05%, C.I. Direct

gy

Yellow 28 1n a concentration of 0.01%, a dye

15 represented by the structural formula (12) described as
compound No. 1 in Patent Document 3 in a concentration

g, -
p—

of 0.01%, and sodium sulfate 1n a concentration of 0.1%

was used, a polarizing plate was prepared in the same

manner as 1in Example /7. The single plate average 1light

20 transmittance, average light transmittance at the

perpendicular position, and contrast ratio of the

polarizing plate 1n the range of 430 to 500 nm are

shown in Table 3, which had a high polarization
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coefficient.
(00691

[Comparative Example 3]

Except that an aqueous solution kept at 45°C

containing C.I. Direct Orange 39 1n a concentration of

(-

0.05%, C.I. Direct Yellow 28 1in a concentration of

0.01%, a dye represented by the aforementioned

structural formula (12) described as compound No. 1 1n

—

Patent Document 3 1n a concentration of 0.02%, and

fen

sodium sulfate 1n a concentration of 0.1% was used, a

polarizing plate was prepared 1n the same manner as 1n
Example 7. This polarizing plate showed the single
plate average light transmittance, average light
transmittance at perpendicular position, and contrast

rati1o, 1n a range of 430 to 500 nm, as listed in Table

3. When the average light transmittance at the

perpendlicular position was adjusted to the same level

as Examples 7 and 8, the single plate average light
transmittance was lower by about 1% and the contrast

ratio was also inferior. Further, when the single

plate average light transmittance was adjusted to the

same level as Examples 7 and 8, the performance of

contrast ratio was greatly inferior, being 1/3 or less.
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Table 3

38

Single plate

Average light

, transmittance at | Contrast
average light , ,
, perpendicular ratio
transmittance .
position
Example 7/ 41.71% 0.01% 3854
Example 8 41.68% 0.01% 3577
Comparative Example 3
(when average light
transmittance at the 40.89% 0.01% 3041
perpendicular position was
adjusted)
Comparative Example 3
h ingl t
(when single plate average 41673 0 042 1037

light transmittance was
adjusted)

INDUSTRIAL APPLICABIL.

10071 ]

TY

The azo compound and a salt thereof o0f the

present 1nvention are useful as dyes

films. Accordingly,

crystal projectors.

sultable

applications

More speci:

"1ically,

they are

for 1n-vehicle applications and display

for industrial instruments.

for polarizing
the compound and the salt are used

for various liquid crystal display devices and liquid
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The embOdimentS of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. An azo compound represented by the following formula

(1) or a salt thereof:

== % : ~ =\ = — O %
\i_}'”" ﬁ'&‘@’”‘“l{l _}—““-Q—(QH )
B2 g /f A2

wherein R1 and R2 each independently represent a hydrogen

atom, a lower alkyl group, or a lower alkoxy group; and n

1s 1 or 2.

2. The azo compound according to claim 1, or a salt
thereof, wherein Rl and RZ2 are each independently a

hydrogen atom, a methyl group, or a methoxy group.

3. The azo compound according to claim 1, or a salt

thereof, wherein Rl and RZ2 are both hydrogen atoms.

4. The azo compound according to claim 1, or a salt
thereof, wherein R1 is a methyl group and RZ is a hydrogen

atom.

o. A dye-containing polarizing film comprising at least
one azo compound and/or salt thereof as defined 1n any one

of claims 1 to 4, contained in a polarizing film substrate.

6. A dye-containing polarizing film comprising at least

one azo compound and/or salt thereof as defined in any one
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of claims 1 to 4, and at least one other organic dye,

contained 1n a polarizing film substrate.

7. A dye-containing polarizing film comprising two oOr

-

more azo compounds and/or salts thereof as defined in any

one of claims 1 to 4, and at least one other organic dye,

contained in a polarizing film substrate.

8 . The dye-containing polarizing film according to any

one of claims 5 to 7, whereln the polarizing film substrate

is a film comprising a polyvinyl alcohol resin.

9. A dye-containing polarizing plate comprising a

transparent protective layer adhered on at least one

surface of a dye-containing polarizing film as defined 1n

any one of claims 5 to 8.

10. A liquid crystal projector, comprising a dye-

containing polarizing film as defined in any one of claims

5 to 8 or a dye-containing polarizing plate as defined 1in

claim 9.
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